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MOULDED INSULATING COMPOSITIONS.

By R. T. FLEMING, Student.

(Paper read before the NORTH-WESTERN STUDENTS' SECTION, at Manchester, 5 February, 1919.)

Electrical engineering work may be divided into a
great number of heads, and one of the most important
features in the manufacturing branch is the insulation
of electrical machines. The variety of materials
employed makes the subject very large, and it is only
possible to deal with one branch at a time. In this
paper it is proposed to deal with the moulded 'class,
i.e. a material made of a mixture of two or more ingre-
dients, moulded in various shapes, and then hardened
by the action of heat.

EARLY WORK.

Until about 10 years ago the subject of moulded
insulating compounds was very little known, and it
is only recently that the subject has been sufficiently
investigated to be put on a commercial basis. One of
the most important and widely known branches of
the industry is Bakelite manufacture, and this, or
rather synthetic resin, was obtained as early as 1872.
Since that date a great deal of research work has been
undertaken and to-day the subject is becoming much
better known. The very great difficulty in obtaining
information on the subject is due to the fact that each
manufacturer keeps his own process very secret, and
only a general idea of the compositions and the methods
employed in moulding can be given. The methods of
manufacture, however, cannot vary a great deal in the
essential points, and it is only in details that there are
marked differences.

Moulded insulating materials have to withstand very
severe tests in use, such as dampness, heat, or mechanical
stresses. Very few compositions are able to fulfil all
conditions and, at the same time, keep up a high stan-
dard of dielectric strength; it therefore happens that
very often one quality has to be sacrificed in order to
bring out another to any marked degree. Take the
case of heat-resisting materials, and more particularly
arc-proof materials. A very high percentage of the
composition consists of asbestos ; this gives the material
its heat-resisting quality, but at the same time the
dielectric strength of such products is very poor. Every
class of electrical machinery and apparatus has various
duties to fulfil, and these duties make it necessary to
place the finished products in various positions—for
example, out of doors, in very hot places, down mines,
and in other trying situations. Consequently, it is
imperative that the component parts of such machinery,
etc., should be able to withstand the ageing action of
commercial usage.

Railway and tramway equipments are very good
examples of the importance of having materials which
do not absorb moisture.

MOULDED COMPOSITIONS : RAW MATERIALS.

Moulded compositions consist of (1) binders, and
(2) fillers.

Both organic and inorganic fillers are used; for
example, organic binders for insulating purposes, and
inorganic for heat-resisting properties.

The following are a number of materials which have
been tried in connection with this work but, for various
reasons, are now very seldom employed.

Alkaline silicates.—Attempts were made to employ
these silicates as binders, but the idea has now been
given up on account of the fact that moisture had the
effect of softening the composition.

Hydraulic cement (Water mixed with asbestos fibre).
—The chief fault was, as with many of the earlier
compositions, its inability to be moulded to any
complex shapes.

Ox-blood and wood-pulp composition.—This material
was obtained by treating the blood to obtain its fibrine,
which was dried, powdered, and mixed with fillers.
The fact that this material is not so readily moulded
or as chemically stable as shellac, has made it rather
unpopular.

Casein, chemically treated to convert it into a hard
substance, has been used, but its inability to withstand
moisture has limited its usefulness from an electrical
point of view.

Sulphur has been employed as a binder, but the
acids resulting from oxidation were fatal to its success.

Papier m&che".—This material is still used to a great
extent, being sheets of specially prepared stiff paper,
which stick to orie another by aid of glutinous substances.

Cabinet-maker's glue has been used as a binder. The
products are generally treated with formaldehyde,
chromates, or other chemical agents, to render the
glue waterproof and chemically stable. No process,
however, was developed which would accomplish this
on animal glue.

Cellulose and celluloid were experimented upon to
render them less inflammable. The materials made
had great success in many branches of industry, but
were no use from the electrical point of view.

Paraffin and vegetable waxes were used as binders,,
but the failure in this case was due to the low melting,
point of the waxes.

Salt and marble, with suitable binders, are still used
to a very small extent.

Turf has also attracted attention. The poor heat-
resisting qualities of the substance, however, have
made it of no practical use. The interest in turf was
due to its low cost and its wide distribution of fibrous
structure.
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Table i gives a list of all the most important materials
which are employed in the manufacture of moulded
pieces. Both binding and filling mediums are shown.

TABLE I .

Raw Materials employed in the Manufacture of
Moulded Compositions.

Asbestos
Clay
Mica
Silica and its

compounds
Hydraulic cement
Alkaline earths
Vegetable fibres
Camphor
Wood pulp
Cotton

Formaldehyde

Hemp
Flax
Asphalt
Shellac
Rubber
Phenol carbolic

acid
Dammor gum
Resin *
Paraffin wax

Linseed oil
Chinese wood oil
Soya bean oil
Poppy seed oil
Rosin oil
Turpentine
Benzine
Alcohols
Tar
Pitch

and various condensation products.

A good knowledge of ihe properties of the raw material
gives the key to the use to which the final product
can be put. Only the most important materials will
be mentioned, as there are so many which can be
employed.

ASBESTOS.

The term " asbestos " is one which is very freely
and loosely used, being applied to a great number of
crystalline minerals having a fibrous structure. A
great number of these so-called samples of asbestos,
however, are not able to withstand the action of heat
and acids to the same degree as the real material.
Chemically, asbestos is a silicate of magnesia.

The following figures show the results of analyses
carried out on three samples of asbestos and give a
very good idea of the type of material employed in the
manufacture of moulded pieces.

Silica (S3O2)
Magnesia (MgO) . .
Lime (CaO)
Ferrous oxide (FeO)
Alumina (A12O3) ..
Moisture (H2O) ..

A
3 8 - 8

1 'Oy

• 14-33

IOO'O

B*
48-8
20-o
io-o

22-O

IOO-8

54
2 6 - 6

5 - 8

12-6

99-0

These asbestos materials cannot be considered to
be acid-proof, as even weak acids or alkalis will have
some action on many forms of asbestos. One of the
most noteworthy characteristics of this material is
its power of absorbing liquids. The property may be
well used when organic binders are forced, by the pres-
sure of moulding, into the capillaries of the asbestos,
thus making almost a homogeneous material. On the
other hand, moisture is also easily absorbed, which is
the worst point about products of this nature.

• B and O are analyses of samples of asbestos taken from a moulded article,
and may contain some other filler.

SHELLAC.

This material is obtained from natural sources. I t
is an animal product discharged from the bodies of
insects. The lac is produced by the female to protect
the eggs. Trees are covered with these insects and
to prepare the substance known as shellac, twigs are
broken off and the lac removed by rollers. The crude
substance is red and contains from 60 to 70 per cent
of resin. When taken from the trees the substance is
known as stick-lac; and when crushed the second
product is known as seed-lac. This seed-lac is placed
in a bag and warmed in front of a charcoal fire, until
the material melts and drops through. This is the
final product, which is rolled into sheets and is known
as shell-lac or shellac.

The material comes upon the market under the
following names : Stick-lac ; seed-lac ; shellac ; button
lac ; garnet lac.

RUBBER.

This substance is a vegetable product, the liquid
caoutchouc, or crude rubber, exuding from notches
made in trees. For commercial purposes, rubber is
usually vulcanized by the incorporation of sulphur.
The introduction of this material makes the rubber
harder and the use for which the final product is intended
has to be taken into account.

The other materials mentioned include asphalt,
tar, pitch, oil anjd formaldehyde products. The former
are all well known and do not require any further expla-
nation ; the last mentioned will be dealt with later
(see Bakelite).

VARIOUS TYPES OF MOULDED COMPOSITIONS.

The various types of moulded compositions may
roughly be classified as follows :—

(A) Bakelite.
(B) Moulded rubber.
(C) Asbestos.
(D) Shellac.

Each class is better suited for one particular type
of work than another, and Table 2 shows the most
important points.

TABLE 2.

Material

A

B

C

D

Temperature-resisting
Properties

Stands ioo° to
2OO° C.

Stands to ioo°C.

Stands red heat

Stands to 700 C.

Dielectric Strength:
Volts per mil

(Medium) 200

(High) 400

(Low) 100

(Medium) 250
to 300

Moisture Absorption

Very good

Good

Bad (7 %)

Medium (be-
tween A&B)

The above classification includes only fourstypes of
materials, but the following more complete list is given
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by Hemming. This does not really include much
more than the abbreviated list.

(1) Organic hot moulded materials.
(2) Organic cold moulded materials.
(3) Inorganic cold moulded materials.
(4) Ceramics.
(5) Rubber compounds.
(6) Organic plastics.
(7) Synthetic resinous products.
(8) Hardened fibre materials.

In Hemming's list, classes (1), (2) and (3) do not give
any information regarding the component parts of the
finished material, but rather the method of manufacture.

Class 4 (Ceramics) is a very important branch of
moulded insulation work, but does not come within
the scope of this paper, porcelain, slate and lava products
being quite distinct from any of the substances here
considered.

Of organic plastics (class 6) useful for insulating
work, celluloid comes first, and its use in the electrical
industry is very limited on account of its very poor
heat-resisting qualities and great inflammability.

Casein products may be placed in the same category.
Although these materials have much better heat-resisting
qualities than celluloid, yet they will not withstand
moisture to any great extent. The uses to which these
materials are mostly put are in the manufacture of
ornamental and other articles, such0 as combs, pipe
stems, buttons, etc., and they can be made in almost
any colour.

Hemming's class (7) corresponds to type (A) above,
whilst class (8) comes outside the scope of this paper.

BAKELITE AND SYNTHETIC RESINOUS PRODUCTS.

Type (A) materials are one of the most important
of the moulded compositions, and the method of their
manufacture should be clearly understood. Before
these products had been discovered, hot moulded organic
substances were used to a very large extent in their
places, but they were not entirely satisfactory, their
chief fault being their very low melting points, shellac
being almost universally used as a binder. The synthetic
resinous products, or phenol-formaldehyde products,
not only possess all the good points which the earlier
organic compositions had, but also haye a much higher
melting point and possess very good heat-resisting
qualities. They have, however, one very serious
drawback, namely the high cost of production, which
limits their use in all places except where absolutely
necessary. Lately, however, some makers claim to
make them as cheaply as other plastics.

The good qualities of these products are due to the
binding agent, which is a synthetic resin formed by
the chemical action of phenol on formaldehyde, heated
under proper conditions. The reaction takes place in
the presence of a catalyst which is usually a small
amount of alkaline substance. The condensation pro-
ducts of this reaction are known as " Bakelite " after
the discoverer, Dr. L. H. Backland.

These products may be grouped under three heads,
known as Bakelite A, Bakelite B, and Bakelite C.

Bakelite A is the first condensation product, and is
produced by getting rid of most of the moisture.
Bakelite B, the intermediate product, is a higher anhy-
dride. The final product, Bakelite C, is a very hard
mass which may be prepared in either an opaque or
transparent form. This substance withstands the
action of most chemicals, except boiling sulphuric acid
(cone.) and boiling nitric acid (cone), which destroy it.
It can stand a temperature of 3000 C. and also any
machining, but, strictly speaking, this material is
not a plastic because heat will no longer render it
soft.

For all practical uses, the A product is used as the
raw material. This can be obtained in either solid
or liquid form, and in the case of moulded compositions
the Bakelite is then mixed with the filler which is going
to be used. In some cases the process is started with
Bakelite B. This has certain advantages which will
be described later.

The final object in moulding Bakelite pieces is to
obtain a piece in the C variety. This grade not being
a true plastic, the moulding has to be done in the
earlier stages, and the material is finally converted into
grade C by means of " Bakerlizing."

In some cases the material is changed from grade
A to C in one operation ; in others, first from A to B,
and then the piece is removed from the mould and
the process of converting it to C is started. To obtain
the best results' the compounds should be heated at
comparatively high temperatures (for this type of
material about 150-1600 C.) under mechanical pressure,
as when they are raised above ioo° C. under atmo-
spheric pressure gases are evolved which force themselves
out of the mass, causing it to become spongy. This
makes the final product practically useless. To over-
come this trouble, the material is heated under sufficient
pressure to counteract the action of the gases.

The piece of apparatus in which this process is
carried out is known as a " Bakerlizer." This consists
of an oven in which the objects are placed, having a
steam jacket and fitted with a pump which produces
pressure in the interior. This pressure is usually about
from 100 to 130 lb. per square inch. The temperature
of the inner chamber depends very much upon the
filler used. For instance, if asbestos is used to mix
with the Bakelite, high temperatures may be reached
without any detrimental effect. If, however, wood
pulp or similar materials be employed, the temperature
of " Bakerlizing " must be kept lower, in order not to
char the organic filler. For mineral fillers, 2000 C. is
a very usual working temperature.

MOULDS AND DIES.

Moulds and dies play a very important part in the
manufacture of moulded compositions, and great care
should be taken in designing these pieces of apparatus,
as any unnecessary complications in the shape of the
mould make matters very difficult. In the first place
the price of the mould is greatly increased and there
is a risk of the final pieces not being well moulded,
since any intricate parts may soon wear out and will
cause burrs along some of the edges. When these
facts are borne in n-.ind a great deal of trouble to both
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the manufacturer and the consumer can be saved.
Another point against the use of complicated moulds
and dies is the limit which they set to the choice of
material. There are so many compositions which can
be moulded into simple shapes, but when the finished
article has such items as holes, irregular surfaces, etc.,
only material which becomes very soft or liquids can
be forced into the interstices. The nature of the
material used has a great deal to do with the length
of time a mould will last, some substances wearing
away the metal at a much greater rate than others.
When the dies or moulds show any signs of wearing
they should at once be fitted with new working
parts, always in first-class steel. Should repairs and
attention be neglected the result will be inaccurate
pieces.

In moulding these materials there are two types of
mould used known as (i) open type, and (2) closed
type.

The open type consist of two flat pieces, one or both
being recessed. These plates come together and press
the material into the desired shape, and there is always
a groove round the edges of these moulds into which
the excess of the material is squeezed. In operation
the die is heated and when complete the whole is cooled
and the piece removed.

The closed variety consists of a box and plunger.
The material is placed in the box and the plunger is
then forced down. Usually the moulds are fitted with
two plungers, an upper and lower one, the bottom one
acting as an ejector when the operation is complete.

Metal pieces can be incorporated in the moulds and
are so placed as to enable the composition to get a
firm hold.

TESTING AND PROPERTIES OF MATERIALS.

One of the most important points to consider in
connection with moulded compositions is the life of
the product and all the various requirements which
will be expected of it.

The class of moulded insulation which most nearly
fulfils all conditions is the " ceramic " class, with which
we are not dealing.

Manufacturers claim various qualities which their
materials possess, and it is very necessary for the
consumer to find out whether the samples come up to
the makers' claims. There are various opinions as
to how these materials should be tested, but up to the
present in this country no standard tests have been
given, although leading electrical bodies have devoted
a great deal of time to the subject. In America, a
Committee in connection with the Associated Manufac-
turers of Electrical Supplies have issued a bulletin
which gives a very good set of tests.

The number of tests to which a composition may be
subjected are as follows:—

(a) General characteristics.
(6) Heat tests.
(c) Dielectric strength.
(d) Absorption tests.
(e) Mechanical properties.
(/) Effect of chemicals.

VOL. 57.—SUPPLEMENT.

The first on this list is only a matter of close inspection,
to discover such things as colour and what method has
been used to give the material its finish. Very often
when giving the material its preliminary examination
the brittleness and hardness are ascertained by any
simple method such as cutting or bending. The whole
of this part of the investigation is done with practically
no apparatus, and it gives an idea as to the subsequent
course to adopt, more than anything else.

Heat tests.—These are divided into a number of
sub-heads, such as softening point, flame tests, exposure
to heat for long periods, etc. The softening point of
a moulded material is of very great importance and, at
present, rather crude methods are employed to deter-
mine it. One method, used very frequently, is to
suspend the sample in a beaker of water and then
raise the temperature, taking care to squeeze the material
every few. moments, until it slightly yields to the
pressure ; at this point the temperature is noted. This
test is very approximate, but if care be taken the results
obtained are quite useful from a commercial point of
view.

In the standard tests set out by the American Asso-
ciated Manufacturers of Electrical Products, the nearest
approach to a softening point determination is the
test for distortion under heat. This test requires a
special piece of apparatus which consists of two steel
supports upon which is placed the test-piece. These
supports are 100 mm. apart, with the load applied
vertically and midway between them. Various weights
can be placed on the test-piece 5^, 11 or 22 lb. Uhe
piece undergoing the test is placed in an air bath
surrounded by an oil bath, the temperature of which
is raised. Thermometers and measuring gauges are
included in the apparatus, and the distorting point
is considered to be the temperature at which the
moulded piece has deflected 10 mils at the centre.

Tests are also carried out to ascertain if the material
will support combustion and whether it will burn in a
flame or remain inert. These tests are very important
when the material is going to be used as arc shields,
or in any position where it is likely to come in contact
with a flame. This test is usually carried out by placing
the specimen in a flame and observing its behaviour.
The worst kind of material for arc shields and the
like is that which continues to burn when the
source of ignition has been removed. Material which
burns only when the flame is present is much less
dangerous.

After the softening point and flame tests have been
carried out, the next investigation is to see the effect
of continual heat upon the specimen. The usual
method employed is to place the sample in an oven
at 2000 C.; after a few minutes the specimen should
be examined to see if the heat for such a short period
has had any effect and also in what way the material
has been affected. After this preliminary examination,
the material is replaced in the oven and again examined
at the end of one hour. After this period, the sample
should be looked at every few hours until the total
time of heating has reached 24 hours. If a sample
becomes very plastic or badly defaced it is quite
unnecessary to continue the test for such a length of

22
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time; in fact very few classes of materials, with the
exception of some phenol-formaldehyde products, will
be able to stand up to this test. The effect of steam
on compositions is frequently tested, but if satisfactory
heat and absorption tests are carried out, the former
is not really essential.

The tests which have been described are quite
sufficient for commercial purposes. When scientific
research work is to be carried out, other tests might
be added, such as the coefficient of linear expansion,
and thermal conductivity. The classes of material
which withstand heat in the best manner are the
inorganic cold moulded and the synthetic resinous
products. These materials are used in arc shields and
will stand high temperatures, although when the
composition reaches 9000 C. it is very likely to become
aftected, as the water constituents are liable to split
up. This will happen only if maintained at a high
temperature for too long a time.

Dielectric strength.—The dielectric strength of all
the materials has to be tested with the material in various
conditions : first, as it arrives from the makers ; then
other specimens after immersion in water; and, lastly,
after immersion in oil. It is necessary to perform
these tests, as the material may be required to put up
with either of these conditions, and if the liquids attack
any of the ingredients of the composition they should
be avoided. The dielectric strength of moulded compo-
sitions varies a great deal with the class of materials
employed. The moulded rubber products give the best
dielectric results, 400 volts per mil being a good
average value. The majority of other moulded com-
positions do not give very much more than 200 volts
per mil.

For carrying out this test a special test-piece has
to be made, having a thin wall at the top which gradually
becomes thicker on the way down. The bottom is made
quite flat, frequently having the maker's name moulded
in the circumference. The cup is usually about 2J
inches high with a base of 2i inches diameter.

Various methods are employed in carrying out the
breakdown test. One method is to place the test-cup
upon an earthed metal sheet and a well-fitting metal
plug inside, and then to apply the voltage. Another
method is to float the cup on mercury and pour a little
inside, thus ensuring good contact. Both these methods
are often adopted and are very satisfactory, providing
that the breakdown voltage is low enough not to flash
over the side of the cup. If this does happen, it is
necessary to adopt another method of procedure, and
the one which is used is to immerse the cup in
transformer oil and then follow the same course as
before. Even with the test-piece under oil it is often
advisable to insulate the wire leading to the inside
of the cup in order to prevent breakdowns across the
oil between the terminals.

It is not infrequent in work on a commercial basis
that a breakdown value has to be taken in a hurry
on some sample of material, and in such cases one is
unable to have test-cups for use and the breakdown
has to be taken on any convenient spot in the sample.
These are very often so small that it is almost impossible
to get up to a sufficient voltage without a flash-over.

Samples are then sometimes ground thin to enable a
value to be taken, but results obtained in this manner
are not at all satisfactory and very erratic.

Chemical tests.—These are for ascertaining if the
material absorbs moisture and also the effect of various
liquids upon it. The most important of these tests
is the determination of the percentage of water absorbed
in a given time. For this work any small piece of the
material may be used, although usually a test-cup, as
for the dielectric test, is adopted. The sample is kept
warm in an oven, then weighed ; after this it is immersed
in water (distilled, for preference) and allowed to remain
for the period desired. The most usual length of this
test is either 12 or 24 hours. The results should
contain the following figures : (a) Original weight of
sample; (b) dry weight; (c) saturated weight; (d)
percentage moisture absorbed in . . hours.

Tests are also carried out by immersing samples of
the moulded article or test-cup in hot oil at 70-800 C.
for about 6 hours. The chief object of this test is to
observe the effect of the oil on the surface, and, as
mentioned before, the effect upon the dielectric strength
of the sample. The effects of hot oil are very varied,
but usually a slight increase of weight can be observed,
and in a great number of cases the surface becomes
soft and slimy. The remaining immersion tests are
to find out the effect of acids or alkalis. The samples
are usually immersed for 6 hours. The acid used most
often is sulphuric of specific gravity 1*4, and the alkali,
a 20 per cent solution of sodium hydroxide. Dis-
coloration is a very common result of this test.

Mechanical properties.—The mechanical properties
of moulded materials are of vast importance. There
are so many places where the final products can be
used that the makers have to realize that their pieces
may have to withstand varied kinds of stresses, com-
pressive, tensile or shear. It is very necessary to
insist on these tests being taken, and at the same time
it should be observed how the material stands up to a
machine tool and dies for cutting threads, etc. Wherever
it is possible, machining is not done, as the moulded
pieces can be made with very great accuracy, but
even now it is very often necessary. However, it
is essential that these properties should be investi-
gated when the other tests are being done. The stresses
to which the material is subjected, are as follows :
(a) Tensile strength; (ft) compressive strength; (c)
transverse strength; (d) shear strength ; {e) effect of
impact. Any ordinary testing machine can be em-
ployed for this work, provided that it is sensitive and
does not apply the load at too great a rate. Some
authorities state that the weight of loading should be
between 3 mm. and 6 mm. per minute, but good results
can be obtained with loading at rates as high as 9 mm.
per minute.

Tensile tests.—For tensile testing there are two kinds
of test-pieces used. The first type is either moulded
or cut out from a sheet of material, and is the same
shape as that used on strip metal. If the sample is
cut from a sheet, great care- must be taken to have
even edges, especially on curves.

The specimen is cut having broad ends and
waisted in the middle. There are no particular dimen-
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sions for this type, as the shape has not been standard-
ized. If the sheet of the material is large enough, a
test tar of total length of 18 inches having 3 inches
each end for gripping and a 12 inch test length, is a
very good size, the curve radius in this case being
3 inches, which is quite large ; the smaller this radius,
the greater is the risk of the specimen breaking at the
neck. The question of samples breaking at this point
is very important, because if it should occur it makes
the measurement of elongation impossible, and with
elastic materials this question is one which has to be
fixed. . In fact, test-pieces of this class are not very
satisfactory on this account. Their chief advantage is
that they can be adapted to the ordinary type of friction
grips which are always supplied with testing machines.
The second shape of tensile test-piece is the same style
as is always used in testing cement blocks, and it is
this shape which has been adopted by the American
Committee. This test-piece can most easily be described
as a solid figure 8 ; special grips of hardened steel
have to be made for this shape. This method of testing
the tensile strength is more satisfactory than the one
previously mentioned on account of the fact that the
breaking point is bound to occur in the correct place,
also the test-pieces are | inch thick and hence the
figures obtained are a better average value than those
taken from a thin sheet.

Tensile tests are taken with the material under various
different conditions, in order to see how the strength
is affected. Samples are heated to a temperature a
few degrees below their softening point and pulled
while hot, also specimens which have been immersed
in water for certain periods of time are subjected to
similar treatment. The results of the tests can be
given as desired ; usually figures are stated per square
inch. It is impossible to give any figures of the tensile
strength of such materials, as the differences are very
great and vary from a few hundred pounds up to as
high as 40 tons per square inch.

Compression tests.—The only satisfactory shape of
specimen for compression tests is a cube.' The size
of the cube does not matter a great deal so long as it
is of ordinary dimensions. The most usual form, of
course, is to have a i-inch cube. The rate of loading
and treatment of test-pieces are the same as in the
case of the tensile pieces.

Transverse test.—The best samples for transverse
testing are those adopted by the American Committee.
The test-piece is in the shape of a rectangular block
5 inches X £ inch x | inch. This is supported on centres
4 inches apart and the pressure is applied in the middle
of the span by a wedge-shaped compression grip. The

1 load is applied in the usual way until the specimen
breaks. The results are given in terms cf fibre stress

per inch, that is, the stress in the fibre which is calculated
3

from the formula S = -
P L

where S=fibre stress,
P=load,
L = distance between supports,
B=width of test piece,
D== depth of test-piece.

Shear.—The test' for shearing moulded compositions
is not very often done, but some good results have been
obtained, on the following apparatus. The test-piece,
which is a rectangular slab about 5 inches X2& inches,
is bolted by means of a steel piece, or to another steel
block, so that an equal amount projects at each side.
This is then placed on another steel block, which consists
of two pieces mounted on a base, having two pins in
it to guide the original block. The first block is then
placed on the double-sided base, so that the test-piece
rests on the edges. When pressure is applied to the
top block it forces it down between the two, at the same
time shearing the specimen at each side. The area
sheared is then measured and the result given in
pounds per square inch. The arrangement of the
apparatus is shown in the diagram herewith.

J~-Test piece

Shear test apparatus.

Impact test.—The effect of impact is tested in the
same manner as with metals, on notched specimens.

Admiralty heat test (special test).—In this test a
certain length of moulded composition is clamped at
one end, leaving the other end protruding, thus forming
a cantilever. This is placed in an oven for two hours
at 70 ° C. At the extreme end of the arm a weight is
hung, and the total permanent deflection is measured.
The amount which is allowed varies with different
specifications.

The tests which have been mentioned include all
the important methods, and other special tests some-
times carried out are not worth mentioning because
they vary with the sample in hand. It is very often
necessary to get some details of some property of a
composition in a short time, in which case the tests
have to be carried out on the moulded piece itself, and
from this fact it can easily be seen that each test is
different from others.


